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Abstract 
Researches and industrialization of pipeline steel fatigue crack propagation are summarized, especially 
the X60 and X70 pipeline steel after mechanical damage and in the synthetic soil solution. The results 
show that the fatigue crack propagation of the pipeline steel has the similar law after mechanical damage 
or in the synthetic soil solution. It is very clearly that the fatigue crack propagation is deeply depending 
on the ΔK, and there are all have threshold characters. The mechanical damage and the synthetic soil 
solution can increase the fatigue crack propagation rate, decrease the fatigue crack propagation threshold 
ΔKth, accelerate crack propagation rate and shorten the service life of the pipe. 
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1. Introduction 
Oil and gas transmission pipelines have a good safety record and are a demonstrably safe means of 
transporting hydrocarbons. This is due to a combination of good design, materials and operating practices. 
However, like any engineering structure, pipelines do occasionally fail. One of the major causes of 
pipeline failures around the world is the cracking failure [1]. The defects existing in the pipeline steel 
develop to the cracking failure including two steps: the fatigue crack initiation and the fatigue crack 
propagation [2]. 
Today, the X70 pipeline steel is widely used in the world, the X80 pipeline steel began to apply in 
some developed countries and the research and development of X100/X120 pipeline steel is being studied 
in the recent years. In our country, the X60 pipeline steel is widely used in the working pipelines. The 
X70 pipeline steel is used in the West-East Gas Pipeline Project. Most of the researches are focus on the 
fatigue failure of the pipeline steel, especially the fatigue crack propagation of the pipeline steels.   
In the present study, researches and industrialization of pipeline steel fatigue crack propagation are 
summarized, especially the X60 and X70 pipeline steel after the mechanical damage and in the synthetic 
soil solution. 
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2. Mechanism of the Fatigue Crack Propagation 
The rate of the fatigue crack propagation can be estimated by the increment length of the crack after 
every cycle, da/dN. The goal of the fatigue design is finding a simple and reliable method to describe the 
rate of the fatigue crack propagation, and the method can describe the internal resistance of the materials 
quantificational in the different uploading stress and in the different geometry size of the crack. But for 
now, none of the methods can be applied in all the materials. 
 Paris, et al. proposed a local strain fracture model to predict the fatigue crack propagation rate, the 
macroscopic law of fatigue crack propagation is 
( )mKCdNda Δ=                                                                    (1) 
where da/dN is the fatigue crack propagation rate, C and m is the fatigue crack propagation coefficient 
and ΔK is the crack tip stress intensity range. It is the famous Paris formula and the fatigue cracks usually 
stem from the region where incompatible plastic deformations occur. Today, we can usually use Paris 
equation in diffident materials, geometry size of the crack and uploading stress [3,4]. 
Shown in Fig.1 is the traditional stress fatigue S-N curve of the different pipeline steels.  
 
Fig. 1 Different sections of fatigue crack propagation 
The A direct is the near-threshold. The fatigue crack propagation rate is deeply relied to the stress 
intensity factor in the near-threshold. With the tress intensity factor decreasing, the rate of the fatigue 
crack propagation da/dN decreases sharply and which depended on the microstructure of the pipeline 
steel, the stress ration R and environment. In B direct, the fatigue crack propagation rate can be calculated 
by the Paris formula. In C direct, the fatigue crack propagation rate increased rapidly and which depended 
on the microstructure of the pipeline steel, the stress ration R and environment. 
3. Effects of Mechanical Damage to the Fatigue Crack Propagation Rate 
3.1. Studies of the Mechanical Damage 
It is impossible to keep pipelines free from defects in the manufacturing, installation and servicing 
processes. One of the major causes of pipeline failures around the world is the mechanical damages such 
as dents, gouges, or a combination of both. The defects can affect the safety of pipelines, and even 
depress their service life; may lead to enormous economic costs and jeopardize the surrounding 
ecological environments. There is a continuing tendency for damage-induced accidents in pipelines; 
consequently, appropriate assessment methods of the influence of damage on the safety of pipelines are 
needed. Mechanical defects might induce local stress concentration, which can lead to the local stress 
exceeding the yield strength, and degrade the load capacity. Additionally, defects might reduce fatigue 
resistance and lead to premature fatigue failure [5,6]. 
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In recent years, investigations on dents have mainly focused on the residual strength assessment of 
damaged pipelines, and the formulation of approaches for strength assessment used in practical 
engineering. The residual strength assessment proposed by Kiefner for a grooved pipeline has been 
formulated in the EPRG methods for assessing the damage tolerance and resistance of pipelines [7,8]. 
PRCI proposed an empirical Q factor model to assess the residual strength of pipelines with a groove plus 
dent defect; while British Gas established a fracture assessment model to deal with the same problem [9]. 
AGA formulated the residual strength of pipelines evaluation model for dented pipelines [10]. Today, the 
research on the influence of a defect on the fatigue life of a pipeline is developed. Fowler et al. [11] 
employed full-scale tests to evaluate the fatigue life of pipelines with dents and gouges subjected to cyclic 
internal pressure. Batisse et al. [10] studied the fatigue crack initiation criterion for the assessment of the 
residual life of gas transmission pipelines with defects of ‘gouge only’ or ‘gouge in dent’. Zheng et al. 
[11,12] proposed a local strain fracture model to predict fatigue crack initiation life and fatigue crack 
propagation life. A rational and quantitative formula for assessing the effect of a defect on the fatigue life 
of a pipeline with mechanical damage has been proposed. A dented pipeline is initially a crack-free 
component. Chen et al.[13] studied the pre-tension defamation employed to study the effect of pre-strain 
on the fatigue crack propagation life.  
3.2. Effects of Pre-tension Deformation to the Fatigue Crack Propagation Rate 
Shown in Fig.2 are the typically results of the fatigue crack propagation life tests of X60 pipeline steel 
after pre-tension defamation, in which R=0.5, f=30Hz and the pre-tension defamation was 5%, 10% and 
15%. 
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Fig. 2 Fatigue crack propagation of X60 pipeline steel after pre-tension defamation 
It is very clearly that the fatigue crack propagation is deeply depending on the ΔK, and there are all 
have threshold characters no matter the pre-tension deformation is. That is to say that the crack 
propagation of X60 pipeline steel is mainly controlled by the crack tip stress intensity range ΔK in 
cyclical load. The crack propagation presents evident threshold characteristic under different stress ration 
R. The crack propagation presents evident threshold characteristic under different stress ration R. At the 
near-threshold part, the rate of the fatigue crack propagation da/dN decreases with the decrease of ΔK. At 
the middle part of the crack propagation rate is relatively week. So the pre-tension deformation evaluates 
the propagation rate of the X60 pipeline steel at the fatigue load.   
According to the facts of the fatigue crack propagation threshold is exist [14]. In the threshold section 
and the middle section, the macroscopic law of fatigue crack propagation is  
( )2dd thKKBNa Δ−Δ=                                                                 (2) 
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where da/dN is the fatigue crack propagation rate, B is the fatigue crack propagation coefficient which 
can be determined by regression analysis, ΔK is the crack tip stress intensity range, ΔKth is the fatigue 
crack propagation threshold. 
After taking logarithm, Eq.2 changed to linear equation:  
)log(2log)log( thKKBdNda Δ−Δ+=                                              (3) 
The results of regression analysis indicated that pre-tension deformation improves the fatigue crack 
propagation coefficient, decreases the fatigue crack propagation threshold and accelerates the fatigue 
crack propagation.  
4. Fatigue Crack Propagation Rate in the Synthetic Soil Solution 
Stress corrosion cracking is another important reason of the failure of pipeline steel. Lots of studies 
have been done to the fatigue crack propagation and the fracture characteristics by using all kinds of 
medium[23-26]. Today, the synthetic soil solution 0.5mol/L Na2CO3+1mol/L NaHCO3 and NS4 
(NaHCO3, 0.483g/L +KCl, 0.122g/L +CaCl2, 0.137g/L +MgSO4·7H2O, 0.131g/L)+95%N2+5%CO2 have 
been used to simulate the soil media environment[15,16].  
Shown in Fig.3 are the typically results of the fatigue crack propagation life tests of X70 pipeline steel 
in the synthetic high pH soil solution, in which R was 0.1, 0.5 , 0.9 and f=10Hz[17]. 
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Fig. 4 Fatigue crack propagation of X70 pipeline steel 
 in high PH synthetic soil solution 
Experimental results indicate that the crack propagation is controlled mainly by the crack tip stress 
intensity factor range ∆K too. The crack propagation presents evident threshold characteristic under 
different stress ratio R. The ∆Kth decreases with increasing R. The loading frequency does not affect the 
crack propagation in the alkaline solution. The crack propagation rate increases with the decreasing of 
loading frequency in the neutral solution. The crack propagation rate is higher in the alkaline solution 
than in the neutral solution, and the accelerate degree increases with the decreasing of the loading 
frequency. The fatigue crack propagation rate in the synthetic soil solution is higher than in the lab air. 
5. Conclusions 
From this study, it can be concluded that: the fatigue crack propagation of the pipeline steel has the 
similar law after mechanical damage or in the synthetic soil solution. It is very clearly that the fatigue 
crack propagation is deeply depending on the ΔK, and there are all have threshold characters. The 
mechanical damage and the synthetic soil solution can increase the fatigue crack propagation rate, 
decrease the fatigue crack propagation threshold ΔKth and shorten the service life of the pipe.  
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